Protoplast isolation and culture for banana regeneration via somatic embryogenesis.
Introduction Applications
Banana protoplasts may be used for research purposes in physiology and phytopathology, and for banana breeding, including genetic transformation, through electroporation or PEG and somatic hybridisation [1] [2] [3] .
Principle
Samples of embryogenic banana cell suspension, calli or in vitro leaves are digested with enzyme solution to remove the cell wall. After maceration, protoplasts are separated from debris by sieving [4] .
Note: protoplasts are washed before control, with calcofluor white (brightener) [5] , of the presence of the remaining wall, and control of their viability using fluoresceine diacetate (FDA) [6] . Protoplasts are then cultivated in appropriate conditions and form the cell wall, then undergo divisions leading to embryos, which develop into plantlets [7] .
Key advantages
-Protoplasts provide a real single cell origin system.
-Such cells, when they are from banana cell suspension, may give rise to somatic embryos.
-A large number of protoplasts can be obtained [10 7 to (3 × 10 7 )] from 1 mL of a packed-cell volume (PCV) cell suspension.
Starting material [8, 9]
The protocol requires:
-an embryogenic banana cell suspension, Note: better results are obtained using embryogenic cell suspension 3-4 days after the last subculture.
-banana calli, -in vitro banana young leaves.
Note: in vitro plants freshly subcultured and transferred in dark conditions 2-3 weeks before use are used for protoplast isolation. Only very young leaves from in vitro plants, still yellow and rolled, are suitable for protoplasts allowing morphogenetic development.
Time required
Four to five hours are required for media preparation; 10-14 h for enzymatic treatment; 3 h for protoplast purification, staining and estimation of concentration; 1 h for plating; 2 h for feeder layer preparation; 2 months for embryo formation; 12-14 weeks for the production of in vitro green rooted plants from protoplasts.
Expected results
Depending on the genotype and cell suspension quality, the protocol allows one to obtain: -a variable protoplast yield: approx [10 7 to (3 × 10 7 )] protoplasts per mL PCV cell suspension [9] , -protoplasts with size varying between (10 and 35) µm, -protoplasts with 70-90% viability when just isolated, -approximately 70-80% of wall reformation 6-8 days after protoplast isolation, -approximately 0.2% of plated protoplasts producing embryos, 1.5-2.5 months after protoplast plating, -plant regeneration from 45-65% of embryos, 3-4 months after protoplast plating.
Materials and methods

Laboratory equipment
The protocol requires: -a culture room illuminated 12 h a day at 65 µmol·m -2 ·s -1 + a dark compartment at 27-28°C. Note: all media have to be ready before protoplast isolation. 
Preparation of the enzymes and washing solutions
Preparation of media for protoplast and plant culture Feed layer media (PCM media)
Prepare a (× 2)-concentrated PCM medium (table I) . Adjust it to pH 5.7, then sterilise through a 0.22-µm Millipore Millex GS filters (Millipore Corp.).
N6 liquid culture media for protoplast culture
Prepare a N6 liquid culture media [10] (table II). Adjust it to pH 5.7, then sterilise by Millipore filtration.
Protoplast regeneration medium
Medium with [MS / 2] salts, Morel and Wetmore vitamins [11] at normal concentration (× 1), saccharose (30 g·L -1 ), indol-acetic acid (0.4 mg·L -1 ), benzylaminopurine (0.5 mg·L -1 ), and agarose sea plaque (7.5 g·L -1 ) are required for protoplast regeneration. Adjust the medium to pH 5.7, then sterilise by Millipore filtration. 
Plant culture medium
Prepare a regulator-free MS medium with 1.2 mM NH 4 NO 3 (100 mg·L -1 ). Adjust the medium to pH 5.7, then sterilise by autoclaving.
Preparation of a nurse cell suspension medium
-Sieve approximately 100 mL of banana cell suspension through a 250-µm sterilised metallic mesh, in order to select only small cell aggregates. Wait until cells decant in this filtrate.
-When packed cell formation is achieved, eliminate half of the supernatant.
-Gently mix 6 mL banana packed cell volume into 100 mL (× 2-concentrated) PCM medium ( figure 1A) . Note: for PCV cell manipulations, the point of the pipette or cone has to be cut to enlarge the section. The proportion of banana cells included in the feeder layer may be increased to 10%.
Preparation of feeder layer system [12]
-Solubilise 1.2 g of agarose sea plaque (Sigma) in 100 mL double-distilled water (pH 5.7) (figure 1B).
-Autoclave for 30 min at 120°C.
-When the temperature of the agarose solution (100 mL) has decreased to 35°C, add PCM medium (≅ 100 mL) containing feeder cells: it is the nurse cell suspension ( figure 1C) . Mix gently and immediately pour 10-12 mL of this mixture (final concentration: 3% banana cells in 6 g·L -1 agarose gelified PCM medium) into small Petri dishes (6-cm diameter) ( figure 1D ). Cover with a sterilised nitrocellulose filter and seal with plastic film.
Note: feeder cultures may be keep at room temperature for 1-5 days before use.
Protocol for protoplast isolation
• Step 1. Protoplast isolation Protoplast isolation from cell suspension: -Use embryogenic suspension cultures 3-4 days after the last subculture, as donor material for the isolation of regenerating protoplasts.
-Sieve the cell suspensions through a sterile double 500-µm and 200-µm stainless mesh. R. Haïcour et al.
-Keep the filtrate, and use the packed cell volume for enzyme maceration.
Enzyme maceration: -Put 2 mL of EC1 enzyme solution in a small Petri dish (5.5-cm diameter); add 1 mL of filtered packed cell suspensions.
-Mix gently.
-Incubate overnight (12-15 h) at 27°C in the dark, without shaking. Note: the first protoplasts may be seen after 30 min of incubation.
Protoplast isolation from banana calli: -In a small Petri dish, add 4 mL of EC2 solution to 1 g (fresh material) of callus.
-Cut the callus into pieces (1-mm thickness) into EC2 solution.
-Incubate overnight (15-17 h) at 27°C in the dark, shake at 30 RPM.
Protoplast isolation from banana leaves: -In a small Petri dish, weigh 1 g of very young leaves; add 4 mL of EC3 solution.
-Slice young leaves (1-mm thickness) into EC3 solution.
-Incubate overnight (13-15 h) at 27°C in the dark, shake at 30 rpm.
• Step 2. Protoplast purification -Filter the digestion mixture through a [100-µm / 25-µm] metallic mesh combination to remove the debris and large cell colonies.
-When cell suspension is used as a source of protoplasts, rinse the mesh with S1 washing solution; rinse, respectively, with S2 and S3 washing solutions when calli or leaves are used as a source of protoplasts. Collect protoplasts in sterile tube(s), through centrifugation at 66 g for 5 min (650 rpm).
-The pellet has to be washed again two times (centrifugation at 66 g for 5 min).
-Suspend the pellet in a fixed volume of N6 protoplast culture medium. After calcofluor staining, cell wall degradation can be visualised, through a UV microscope, on samples of protoplast suspension. Protoplast viability is determined using fluoresceine diacetate. Protoplast yield is estimated using a Nageotte hematocytometer.
-Dilute (or concentrate) protoplasts with N6 liquid culture medium for protoplasts to obtain a 10 6 protoplasts·mL -1 final concentration.
• Step 3. Protoplast cultivation -Transfer 0.5 mL of protoplast suspension onto a nitrocellulose membrane in each Petri dish containing feeder layer culture (figure 2). Sealing with plastic film is highly recommended.
-Cultures are maintained in the dark at 27°C for 21 days. Controls on cell wall reconstitution (calcofluor) and protoplast survey (fluoresceine diacetate), as well as mitotic activity of protoplast-derived cells, are done on samples of culture.
Notes: When taking samples of protoplasts for observations, cultures must be preserved to avoid risk of contamination.
The first cell divisions occur on feeder layers from 3-8 days after protoplast plating. Proembryo formation is observed 14-21 days after initiation of protoplast culture. Weekly addition to protoplasts of 0.3 mL N6 liquid culture medium for protoplasts is recommended. Freshly isolated banana protoplasts.
• Step 4. Protoplast regeneration through somatic embryogenesis Three weeks after protoplast plating, proembryos are individually picked up from the feeder layer and gently transferred onto regeneration medium. Cultures are maintained at 27°C in the dark.
• Step 5. In vitro and soil plant development Eight to ten weeks after protoplast plating, transfer derived embryo plantlets onto growth regulator-free medium for rooting and elongation. Cultures are maintained at 27°C under a 65 µmol·m -2 ·s -1 , 12-h illumination a day photoperiod. After reaching the size of 10 cm, plants may be transplanted into soil in a greenhouse for hardening.
Troubleshooting
Seven main problems can occur: (a) Protoplast yield from cell suspension is low because the suspension quality is not good enough. Solutions: regularly subculture cell suspension every 6 days before protoplast extraction, and plate samples of cell suspension on appropriate medium to verify it is still embryogenic. (b) Low protoplast yield is obtained from calli or leaves: the tissues used as a source of protoplasts are probably too old. Solutions: Use only the very young part of growing calli, and only 1-2-cm-long immature leaves. (c) Protoplasts are not a spherical shape: cell wall digestion is incomplete. Solutions: check with calcofluor under a UV microscope the eventual presence of the cell wall. Increase enzyme incubation duration (+ 2-3 h). Use EC1' rather than EC1 or EC2 or EC3: 2% cellulase RS (Yakult Honsha Co., Tokyo, Japan) + 0.25% pectolyase Y 23 (Seishin Pharmaceutical Co., Tokyo, Japan) + 0.5% macerozyme (Sigma) + 0.2% hemicellulase (Sigma) + 204 mM KCl (15 g·L -1 ) + 67 mM CaCl 2 (7.5 g·L -1 ). (d) Protoplasts burst during enzymatic digestion: there was an error in osmoticum or digestion duration was too long. Solutions: increase osmoticum or reduce digestion duration.
(e) No protoplast development is observed on the feeder layer: the quality of the suspension or of protoplasts is not good enough. (f) Development of contaminants is observed in feeder cell medium: cell suspension is contaminated. Solutions: use another cell suspension.
(g) Development of contaminants is observed among protoplasts on the nitrocellulose membrane: there was a failure in the sterilisation process. Solutions: check the sterility of each medium, check tool sterilisation.
Typical results obtained
The first protoplasts may be seen after 30 min of incubation in enzyme maceration ( figures 3, 4) . With protoplasts from embryogenic cell suspension, complete development into a whole plant, through somatic embryogenesis, is observed in 12 weeks. The first cell divisions occur on feeder layers 3-8 days after protoplast plating [13] ( figures 5, 6 ). Proembryo formation is observed 14-21 days after initiation of protoplast culture (figures 7, 8) . The transfer of derived embryo plantlets, at 8-10 weeks after protoplast plating, onto growth regulator-free medium, leads to plant rooting ( figure 9 ) and elongation. 
